hronic inflammatory diseases, including rheumatoid arthritis, systemic lupus erythematosus, psoriatic arthritis and ankylosing spondylitis, are associated with increased risk of death relative to general population rates. [1] [2] [3] [4] This increased risk is largely attributable to atherosclerotic cardiovascular disease (CVD).
C
hronic inflammatory diseases, including rheumatoid arthritis, systemic lupus erythematosus, psoriatic arthritis and ankylosing spondylitis, are associated with increased risk of death relative to general population rates. [1] [2] [3] [4] This increased risk is largely attributable to atherosclerotic cardiovascular disease (CVD). [2] [3] [4] [5] Several studies have shown an increased risk of CVD in patients with chronic inflammatory diseases that is similar to the excess CVD risk conferred by diabetes mellitus 6 -a disease for which there are well-established guidelines and practices for CVD prevention. However, CVD risk management strategies in patients with chronic inflammatory diseases remain suboptimal, and studies have shown that CVD is underrecognized and undertreated in this patient population. 7, 8 Furthermore, there is evidence that a lack of awareness among health care providers about the association between chronic inflammatory diseases and increased CVD risk may contribute to this disparity. 9 Chronic inflammatory diseases are prevalent as a group of conditions. 10 Optimal CVD prevention in patients with these diseases requires the active participation of multiple health care professionals, including rheumatologists, cardiologists, general internists and primary care practitioners. 11, 12 We summarize the evidence that shows increased cardiovascular morbidity and mortality among patients with chronic inflammatory diseases. We outline the underlying factors contributing to this excess CVD burden, highlight the challenges of CVD risk assessment in this population and propose an approach to CVD risk management in patients with chronic inflammatory diseases (our search strategy is in Box 1).
What is the burden of cardiovascular disease in those with chronic inflammatory diseases?
Premature atherosclerotic CVD is the leading cause of death among patients with chronic inflammatory diseases. [2] [3] [4] [5] Compared with the general population, there is an increased risk of cardiovascular death among patients with rheumatoid arthritis, 5 ankylosing spondylitis 3 and systemic lupus erythematosus, 2 whereas the results from studies involving patients with psoriatic arthritis are conflicting. 4, 13 In addition, there is also an increased risk of morbidity related to atherosclerotic CVD in this patient population. Patients with inflammatory joint diseases like rheumatoid arthritis, ankylosing spondylitis and psoriatic arthritis have a risk of myocardial infarction (MI) that is about 60% higher than in the general population. Systematic reviews have reported odds ratios (ORs) for incident MI of 1.68 (95% confidence interval [CI] 1.40-2.03) for patients with rheumatoid arthritis, 14 1.60 (95% CI 1.32-1.93) for patients with ankylosing spondy litis 15 and 1.57 (95% CI 1.08-2.27) for patients with psoriatic arthritis. 13 For perspective, a Danish population-based cohort study found the incidence of MI in patients with rheumatoid arthritis to be 70% higher than expected (incidence rate ratio [IRR] 1.7, 95% CI 1.5-1.9). This was similar to the average risk of MI among patients without rheumatoid arthritis who were 10 years older. 6 The risk of incident CVD is even greater among patients with systemic inflammatory conditions such as systemic lupus erythematosus and systemic sclerosis, where the risk of MI and stroke are at least doubled compared with the general population. 16, 17 Furthermore, across all chronic inflammatory diseases, the relative risk of atherosclerotic events is greatest among young women, who would otherwise be at very low cardiovascular risk. 6, 16 Finally, not only is CVD more prevalent among patients with chronic inflammatory diseases, but the disease phenotype is severe with a poorer prognosis. 7, 18 Higher rates of sudden cardiac death 7 and recurrent cardiovascular events 18 were reported in recent observational studies that compared patients with rheumatoid arthritis to those without the disease. Understanding the factors that contribute to the excess CVD burden in this patient population is the first step in addressing this challenge.
What factors contribute to this excess cardiovascular disease burden?
Systemic inflammation
Traditional cardiac risk factors alone do not fully account for the excess CVD burden observed in chronic inflammatory diseases, 19, 20 suggesting that additional disease-specific factors are likely at play. Although the exact pathophysiologic mechanisms for this remain unknown, systemic inflammation appears to play a crucial role. 21 Atherosclerotic CVD is recognized increasingly as a chronic inflammatory condition, 22 with the immune system implicated in the formation, progression and stability of atherosclerotic lesions. 21 Inflammation appears to mediate the earliest stages of atherosclerosis, when the endothelial lining of arterial vessels becomes dysfunctional. 21 Imaging studies have shown a greater degree of endothelial dysfunction, arterial stiffness and vascular inflammation among patients with chronic inflammatory diseases compared with the general population. [23] [24] [25] These findings support the hypothesis that the systemic inflammation associated with chronic inflammatory diseases has direct vascular effects leading to accelerated atherosclerosis.
Systemic inflammation also promotes the rate of progression of atherosclerosis. Atherosclerotic plaques are more prevalent among patients with rheumatoid arthritis (OR 2.9, 95% CI 1.6-5.3) 26 and systemic lupus erythematosus (OR 4.8, 95% CI 2.6-8.7), 27 and, once established, growth of atherosclerotic plaque appears to be accelerated compared to patients without chronic inflammatory diseases. 26 These findings persist even after adjustment for traditional cardiovascular risk factors. Furthermore, among patients with chronic inflammatory diseases, subclinical atherosclerosis correlates with measures of disease activity, inflammatory biomarkers and cumulative inflammatory burden, [25] [26] [27] suggesting a dose-response relation between systemic inflammation and accelerated atherosclerosis.
As atherosclerotic plaques enlarge, they are at risk of rupture, leading to acute thrombotic events, such as MI or stroke. Patients with chronic inflammatory diseases have a more vulnerable, rupture-prone plaque phenotype. In rheumatoid arthritis, noninvasive imaging studies have shown an increased prevalence of "high-risk" atherosclerotic lesions compared to controls without rhematoid arthritis. 26, 28 These studies also reported an association between more active rheumatoid arthritis and a more ruptureprone plaque phenotype, 26, 28 suggesting a link between inflammatory burden and plaque vulnerability.
In summary, systemic inflammation promotes the formation, progression and rupture of atherosclerotic plaques, and contributes to the increased prevalence of atherosclerotic cardiovascular events observed among patients with chronic inflammatory diseases. Given the importance of inflammation in the pathogenesis of atherosclerotic CVD, it is not surprising that higher disease activity in chronic inflammatory diseases seems to confer higher cardiovascular risk. Cumulative inflammatory burden, the number and duration of disease flares, and elevated serum levels of inflammatory biomarkers are associated with increased risk of incident CVD and cardiovascular death among patients with chronic inflammatory diseases.
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Traditional risk factors for cardiovascular disease
Traditional risk factors for atherosclerosis, such as age, sex, family history of cardiovascular disease, dyslipidemia, hypertension, diabetes mellitus, obesity, cigarette smoking and physical inactivity are known to predict CVD risk in the general population. Although these factors do not fully explain the excess CVD burden observed in chronic inflammatory diseases, 19, 20, 33 their contributions to the risk of atherosclerotic CVD are still important in this population. Of particular interest are traditional risk factors that are modifiable, because they provide a basis for effective strategies to reduce CVD risk in this population.
Physical inactivity
In the general population, physical activity is associated with lower cardiovascular risk, 34 mediated in part through reductions in systemic inflammation. 35 Recent studies conducted in rheumatoid arthritis and systemic lupus erythematosus suggested that aerobic exercise may have similar effects on cardiovascular health among patients with chronic inflammatory diseases. 36, 37 However, this patient population may experience disease-related barriers to performing physical activity, including joint inflammation and damage, systemic symptoms and treatment-related adverse effects. 38, 39 Several studies have confirmed that patients with chronic inflammatory diseases are indeed less physically active when compared with the general population. [40] [41] [42] Effective interventions to improve habitual activity levels among patients with chronic inflammatory disease are required.
Box 1: Evidence used in this review
We searched MEDLINE and PubMed (1980 to 2016) for our evidence review. Search terms included a combination of common terms used to describe atherosclerotic cardiovascular disease ("atherosclerosis," "cardiovascular disease," "coronary artery disease," "ischemic heart disease," "myocardial infarction," "acute coronary syndrome") and names of common chronic inflammatory diseases ("rheumatoid arthritis," "systemic lupus erythematosus," "psoriatic arthritis," "ankylosing spondylitis," "systemic sclerosis"). We also searched conference abstracts, as well as the reference lists of primary research studies, review articles and guidelines, to identify additional studies not found in the original search. We restricted our search to articles published in English. We considered randomized controlled trials, observational studies and relevant review articles in our evidence review. Suggestions for practice are based on information from multinational consensus guidelines.
Cigarette smoking
In addition to its role in promoting atherosclerotic CVD, cigarette smoking is also a strong environmental risk factor for the development of certain chronic inflammatory diseases. Two previous meta-analyses showed that current cigarette smokers are at increased risk of developing rheumatoid arthritis (OR 1.35, 95% CI 1.17-2.55) 43 and systemic lupus erythematosus (OR 1.50, 95% CI 1.09-2.08) 44 compared to lifelong nonsmokers. Given the importance of cigarette smoking in the pathogenesis of these diseases, it is not surprising that the prevalence of smoking among patients with rheumatoid arthritis and systemic lupus erythematosus is increased compared with the general population. 32, 45 This higher prevalence of cigarette smoking also likely contributes to the increased burden of atherosclerosis that is observed in these diseases. The link between cigarette smoking and the development of spondyloarthropathies, such as psoriatic arthritis and ankylosing spondylitis, is less clear. 46, 47 However, across all chronic inflammatory diseases, cigarette smoking is associated with adverse disease outcomes, including increased disease activity and poor treatment response. [48] [49] [50] This serves as an additional mechanism by which smoking promotes systemic inflammation, accelerates atherosclerosis and increases CVD risk among patients with chronic inflammatory diseases.
Hypertension
Observational studies have reported increased prevalence of hypertension among patients with chronic inflammatory diseases compared to the general population. 40, 47, 51 Blood pressure in this patient population is highly variable over time, influenced by both systemic disease-related inflammation and its pharmacologic treatment. 51, 52 In a longitudinal observational study involving 1260 patients with systemic lupus erythematosus, disease activity was shown to be an independent predictor of hypertension. 52 Specifically, higher disease activity scores for systemic lupus erythematosus were significantly associated with increases in both systolic and diastolic blood pressure (p < 0.0001 for both associations). 52 Finally, several medications commonly used in the treatment of chronic inflammatory diseases may also contribute to the development of hypertension, including nonsteroidal anti-inflammatory drugs (NSAIDs) and corticosteroids. 51, 52 Insulin resistance and diabetes Similar to the general population, insulin resistance and type 2 diabetes mellitus are associated with increased CVD risk among patients with chronic inflammatory diseases. 32, 33 Systemic inflammation and the use of corticosteroids likely contribute to the development of insulin resistance and type 2 diabetes in this population. Both insulin resistance and type 2 diabetes are more common in patients with psoriatic arthritis 53, 54 and systemic lupus erythematosus 40 compared with the general population. However, no increased prevalence of either insulin resistance or type 2 diabetes has been reported among patients with ankylosing spondylitis. 54 Although insulin resistance is more prevalent among patients with rheumatoid arthritis compared with the general population, 55 results conflict with respect to rates of type 2 diabetes, 45 ,55 which may be related to an underrecognition of diabetes mellitus in this patient population.
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Obesity
The prevalence of abdominal obesity is increased in patients with many chronic inflammatory diseases, including systemic lupus erythematosus, 40 ankylosing spondylitis 46 and psoriatic arthritis. 47 For example, in a Norwegian study that compared 338 patients with psoriatic arthritis to 50 468 controls, the rate of obesity was 40% higher among patients with psoriatic arthritis (p < 0.001). 47 Among patients with systemic lupus erythematosus, ankylosing spondylitis and psoriatic arthritis, elevated body mass index (BMI) has been shown to be associated with increased disease activity, decreased physical function and increased CVD risk. 32, 40, 46, 47 Obesity is not clearly increased in patients with rheumatoid arthritis compared with the general population, 55 but studies have described abnormalities in body composition among patients with rheumatoid arthritis, commonly referred to as rheumatoid cachexia. 57 Compared to patients without rheumatoid arthritis, patients with the disease have decreased muscle mass and increased adiposity, and these changes are particularly prominent in the setting of active rheumatoid arthritis and high levels of systemic inflammation. 57, 58 As a result, inconsistent with other chronic inflammatory diseases and the general population, low BMI in patients with rheumatoid arthritis is associated with increased risk for atherosclerotic CVD. 59 Thus, commonly used anthropometric measures, such as BMI and waist circumference, likely underestimate cardiovascular risk in this population. 58 
Dyslipidemia
In the general population, higher levels of total cholesterol and low-density lipoprotein cholesterol (LDL-C), as well as lower levels of high-density lipoprotein cholesterol (HDL-C), are associated with increased CVD risk. 54, 55 However, the association between serum lipid levels and CVD risk is more complicated among patients with chronic inflammatory diseases. Patients with active rheumatoid arthritis have lower total cholesterol and LDL-C levels compared with the general population but still demonstrate higher CVD risk. 60, 61 It has been suggested that this is due to even greater reductions in HDL-C that occur during rheumatoid arthritis flares, leading to a less favourable total cholesterol/ HDL-C ratio and an overall more atherogenic lipid profile. 54, 55 Treatment with both conventional and biologic disease-modifying therapies to reduce rheumatoid arthritis disease activity and reverse the inflammatory state has been shown to increase all lipid components, but mostly HDL-C, leading to a less atherogenic total cholesterol/HDL-C ratio. 62 Similar effects of disease activity and anti-inflammatory therapies on serum lipid levels have been found in patients with ankylosing spondylitis, psoriatic arthritis and systemic lupus erythematosus. 32, 63 Finally, both active rheumatoid arthritis and systemic lupus erythematosus have been associated with a proinflammatory form of HDL-C, which may also contribute to the development of atherosclerosis in patients with these conditions. 7 Although the exact reasons for this disparity are unknown, several possibilities have been identified. First, patients with chronic inflammatory diseases are more likely to present with atypical cardiovascular symptoms, 7, 65 which could lead to delays in the diagnosis of CVD. Second, chest discomfort among patients with chronic inflammatory diseases may be erroneously attributed to musculoskeletal causes, especially among younger women in whom the index of suspicion for atherosclerotic disease is typically low. 65 Finally, musculoskeletal symptoms may restrict physical activity among patients with chronic inflammatory diseases, making them less likely to experience exertional angina 7 and thus limiting opportunities for earlier CVD diagnosis. 65 There is also evidence that a substantial number of patients with chronic inflammatory diseases have modifiable cardiovascular risk factors, such as hypertension, diabetes and dyslipidemia, that are either unrecognized by health care providers or are suboptimally treated compared with the general population. 8, 56, 66 A cross-sectional study conducted in the Netherlands involving 327 patients with rheumatoid arthritis who had no prior history of CVD found that only 6% of patients with indications for lipid-lowering therapy were receiving statins, and, among those receiving statins, 86% were not meeting recommended treatment targets. 8 Similar findings were reported for the undertreatment of hypertension. 8 Finally, compared with the general population, studies have shown lower use of acute reperfusion therapy for the treatment of MI, 67 as well as suboptimal use of pharmacotherapy for secondary CVD prevention, among patients with chronic inflammatory diseases. 67, 68 A populationbased retrospective study conducted in Denmark compared 877 patients with rheumatoid arthritis to 65 230 patients without the disease after their first MI and found that patients with rheumatoid arthritis had significantly lower rates of initiation of treatment with acetylsalicylic acid (OR 0.80, 95% CI 0.67-0.96), β-blockers (OR 0.77, 95% CI 0.65-0.92) and statins (OR 0.69, 95% CI 0.58-0.82) at 30 days after discharge from hospital. 68 Uncertainty regarding the respective roles of primary care providers, rheumatologists and other medical specialists in CVD risk management for patients with chronic inflammatory diseases likely contributes to the underrecognition and undertreatment of traditional cardiovascular risk factors in this population. 9, 11 Concerns about possible drug interactions with immunosuppressive therapies may also limit the use of pharmacotherapy to manage CVD risk factors among patients with chronic inflammatory diseases. Furthermore, lack of patient awareness of their increased CVD risk may also play an important role. 9, 69 A 2015 cross-sectional study involving 111 patients with rheumatoid arthritis found that, although 53% of these patients were estimated to be at high risk for CVD (defined as a 10-year risk of CVD events of 20% or more), only 3% thought they were at increased cardiovascular risk. 69 This underrecognition of risk may contribute to lower patient adherence to provider recommendations about CVD risk reduction strategies. 69 Lack of awareness among health care providers may also be a factor. In 2016, a qualitative study involving physicians who provide care to patients with rheumatoid arthritis found that about half of the primary care providers who were interviewed were unaware of the increased CVD risk in these patients. 9 To optimize CVD risk management in patients with chronic inflammatory diseases, increasing both patient and health care provider awareness of the excess CVD burden associated with these conditions is crucial. Defining clear roles for all health care providers in the management of cardiovascular risk for patients with chronic inflammatory diseases and facilitating effective communication between providers are also critical.
How should the risk of cardiovascular disease be assessed?
We provide an approach to CVD risk assessment for patients with chronic inflammatory diseases in Box 2. Currently, the Canadian Cardiovascular Society recommends that risk assessment for CVD be performed every three to five years in all adult patients with chronic inflammatory diseases, regardless of patient age. 70 Similar to guidelines for the general population, the society recommends using the Framingham Risk Score to estimate the 10-year risk of atherosclerotic cardiovascular events. 70 However, as previously discussed, atherosclerotic risk in patients with chronic inflammatory diseases is less dependent on traditional risk factors; 19, 20, 33 therefore, CVD risk prediction models that are designed for use in the general population, such as the Framingham Risk Score, substantially underestimate cardiovascular risk in patients with rheumatoid arthritis, 77 psoriatic arthritis 78 and systemic lupus erythematosus. 20, 71 Ideally, disease-specific risk prediction models that include both traditional and nontraditional risk factors should guide CVD risk management in patients with chronic inflammatory diseases, but the availability of wellvalidated disease-specific tools is limited.
To account for the higher atherosclerotic risk in patients with rheumatoid arthritis, the European League Against Rheumatism task force has suggested adapting algorithms for estimating CVD risk in the general population with a multiplication factor of 1.5 for all patients with rheumatoid arthritis. 62 Using a similar approach, a recent study involving 905 women with systemic lupus erythematosus found that a modified version of the Framingham Risk Score, which used a multiplication factor of 2.0, more accurately predicted future coronary artery disease in this population (HR 4.37, 95% CI 2.39-7.98) compared with the classic Framingham Risk Score (HR 3.22, 95% CI 0.92-11.18). 71 Although the ability of these modified scores to reclassify patients with chronic inflammatory diseases into more appropriate CVD risk categories is still unclear, 79 this is the best-available, evidencebased approach to CVD risk estimation in this population until disease-specific tools can be developed. Of note, a 2014 populationbased study suggested that using carotid ultrasonography to screen for asymptomatic atherosclerotic plaques may provide a more accurate assessment of the atherosclerotic CVD risk in patients with rheumatoid arthritis compared with currently available risk prediction models. 80 However, further research is required to determine the appropriate role for this tool in CVD risk assessment before it can be incorporated into routine screening for patients with chronic inflammatory diseases.
What strategies should be used to reduce the risk of cardiovascular disease?
Box 2 summarizes an approach to CVD risk management in patients with chronic inflammatory diseases. Broadly, current CVD risk reduction strategies in patients with chronic inflammatory diseases include optimal control of inflammatory disease activity, aggressive management of traditional cardiovascular risk factors and judicious use of anti-inflammatory drugs such as NSAIDs and corticosteroids.
Optimal control of disease activity
The cornerstone of therapy for patients with chronic inflammatory diseases is the use of disease-modifying antirheumatic drugs, which treat the underlying systemic inflammatory process to reduce disease symptoms, prevent or slow the rate of joint damage and improve health-related quality of life. There are several classes of disease-modifying antirheumatic drugs (Table 1) , including conventional synthetic agents (e.g., methotrexate and hydroxychloroquine) and biologic therapies (e.g., tumour necrosis factor-α [TNF-α] inhibitors). Given the known association between cumulative inflammatory burden and accelerated atherosclerosis, aggressive treatment of chronic inflammatory diseases with disease-modifying therapies to achieve tight and • All health care providers should be aware of the increased risk of cardiovascular disease (CVD) in patients with chronic inflammatory diseases, including rheumatoid arthritis, systemic lupus erythematosus, psoriatic arthritis and ankylosing spondylitis.
11,12,62
• Cardiovascular disease risk assessment and management for patients with chronic inflammatory diseases should be addresed via a collaborative approach, with the active participation of patients, rheumatologists, primary care providers and other health care professionals.
11,12
Risk assessment for cardiovascular disease
• Perform a comprehensive CVD risk assessment at least every three to five years. 62, 70 • Reassess CVD risk whenever major changes in disease status or disease-modifying therapy occur.
62
• Use CVD risk assessment tools currently recommended for the general population (e.g., the Framingham Risk Score) to estimate the 10-year CVD risk in patients with chronic inflammatory diseases. 11, 62, 70 • Consider adapting 10-year risk estimates from CVD risk prediction models that have been recommended for the general population, such as the Framingham Risk Score, with a 1.5 multiplication factor in rheumatoid arthritis 62 and a 2.0 multiplication factor in systemic lupus erythematosus.
71
Risk management for cardiovascular disease
Disease activity
• Use appropriate disease-modifying antirheumatic therapy to control disease activity to reduce the atherosclerotic risk related to systemic inflammatory burden.
32,62
Traditional risk factors for cardiovascular disease
• Provide lifestyle recommendations to all patients with chronic inflammatory diseases that emphasize the cardiovascular benefits of a healthy diet, regular physical activity, smoking cessation and maintenance of a healthy body weight.
11,12,62
• Screen for and manage hypertension, 72 dyslipidemia 70 and diabetes mellitus 73 in accordance with recommendations from national guidelines for the general population. 11, 12, 62 • Ideally, measure serum lipid profile when chronic inflammatory diseases are stable or in remission. 62, 74 • In the presence of active inflammatory disease, consider using the total cholesterol/high-density lipoprotein cholesterol ratio to monitor for dyslipidemia.
62,74
Medication use
• Use corticosteroids at the lowest effective dose for the shortest possible duration. 12, 62, 75 • Taper corticosteroids once low disease activity or remission is reached.
62
• In prolonged use, reassess the ongoing indication for corticosteroids regularly.
• Discuss the risks and benefits of nonsteroidal anti-inflammatory drugs (NSAIDs) with all patients with chronic inflammatory diseases who are currently using NSAIDs or considering NSAID use. 12, 62 • Use NSAIDs with caution in patients with rheumatoid arthritis, psoriatic arthritis and systemic lupus erythematosus, particularly if multiple CVD risk factors or documented atherosclerotic disease is present.
• Nonsteroidal anti-inflammatory drugs remain a first-line therapy for patients with ankylosing spondylitis, 76 and treatment decisions must be individualized. 81 Other studies involving patients with rheumatoid arthritis and psoriatic arthritis have also shown improvements in insulin resistance, lipid profile and vascular function with the use of both conventional and biologic disease-modifying antirheumatic drugs. 54 Although several observational studies involving patients with rheumatoid arthritis have reported greater CVD risk reduction in patients who were treated with TNF-α inhibitors compared to those treated with conventional synthetic therapies alone, 81, 87, 88 other studies 37, 54 Decreased CVD risk reported in observational studies (strongest evidence for methotrexate 81, 85 and hydroxychloroquine 37, 81 ).
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Tumour necrosis factor-α inhibitors
Inflammatory joint diseases (rheumatoid arthritis, psoriatic arthritis, ankylosing spondylitis) Improvements in lipid profile, insulin resistance and disease activity. 21, 54 Decreased CVD risk reported in observational studies. 81 have not found this association. 91 Thus, whether specific diseasemodifying antirheumatic drugs confer superior CVD risk reduction among patients with chronic inflammatory diseases requires further investigation. Given the apparent linear relation between lower disease activity and reduced atherosclerotic risk, studies are also ongoing to determine whether adopting more stringent targets for rheumatoid arthritis disease remission may provide additional cardiovascular benefits.
Medications with anti-interleukin-6 (anti-IL-6) effects, such as the biologic therapy, tocilizumab, and the targeted synthetic agent, tofacitinib, are being used increasingly for the treatment of rheumatoid arthritis (Table 1) . Although these drugs are effective for reducing rheumatoid arthritis disease activity, 89, 90 they can also substantially alter serum lipid levels, 89, 90 leading to a more atherogenic lipid profile and potentially elevating CVD risk. Patients receiving these medications require regular monitoring of their lipid profile. Sustained elevations in serum lipids caused by these drugs can be managed successfully with statins and do not necessarily require that treatment with tocilizumab or tofacitinib be stopped unless lipid abnormalities are refractory to therapy.
89,90
Management of traditional risk factors for cardiovascular disease
As in the general population, lifestyle modifications remain a critical aspect of CVD risk reduction in patients with chronic inflammatory diseases. All patients should be advised to stop smoking and given access to evidence-based resources for smoking cessation. Based on recommendations from the most recent Canadian guideline for physical activity for adults and older adults, patients with chronic inflammatory diseases should be encouraged to perform at least 150 minutes per week of moderate-to vigorous-intensity physical activity. 92 Studies of structured exercise programs that involved patients with rheumatoid arthritis and systemic lupus erythematosus have shown beneficial cardiovascular effects, 36, 37, 93 whereas, to date, no studies have reported major adverse effects of physical activity in patients with chronic inflammatory diseases. 93 Although the "Mediterranean diet" has been associated with reduced CVD events in the general population, 94 dietary interventions have not been studied adequately in patients with chronic inflammatory diseases. Therefore, based on the currently available evidence, a healthy diet that follows the recommendations of national guidelines could be suggested.
For traditional cardiovascular disease risk factors such as hypertension, diabetes mellitus and dyslipidemia, screening and management strategies for patients with chronic inflammatory diseases are similar to those used in the general population. 62 Compared to individuals who do not have chronic inflammatory diseases, studies involving patients with rheumatoid arthritis and systemic lupus erythematosus have reported similar efficacy for statin, antihypertensive and antiplatelet drugs in optimizing cardiovascular risk factors and reducing the risk of atherosclerotic cardiovascular events. 37, 95 A randomized controlled trial of atorvastatin use (40 mg daily) in 116 patients with rheumatoid arthritis also reported modest reductions in disease activity and inflammatory biomarkers with atorvastatin compared with placebo, 96 which suggests that statin therapy may reduce cardiovascular risk in patients with chronic inflammatory diseases via additional anti-inflammatory mechanisms. Although there are ongoing clinical trials that are investigating indications for broader use of these medications in this patient population, there is insufficient evidence currently to support intensified treatment goals or lower thresholds for starting pharmacotherapy in patients with chronic inflammatory diseases. Therefore, the assessment and management of hypertension, 72 diabetes mellitus 73 and dyslipidemia 70 in patients with chronic inflammatory diseases can follow the recommendations from current national guidelines for the general population.
There are a few special considerations when screening for dyslipidemia, because altered lipid metabolism in patients with chronic inflammatory diseases may affect the assessment of their lipid status. First, given that lipid levels tend to be lower in patients with active chronic inflammatory diseases despite higher CVD risk, the current approach to the measurement of serum lipids likely underestimates cardiovascular risk in these patients. 74 Although serum LDL-C is commonly used as a reliable indicator for CVD risk in the general population, it appears to correlate poorly with the risk of CVD in patients with active chronic inflammatory diseases. 32, 55 In the context of active inflammatory disease, the total cholesterol/HDL-C ratio may be a more reliable marker of atherosclerotic CVD risk than individual lipid components. 74 Therefore, the European League Against Rheumatism suggests using the total cholesterol/HDL-C ratio as the preferred lipid marker for CVD risk assessment in this population. 62 Furthermore, because of the substantial variability in lipid levels related to changes in disease activity and anti-inflammatory therapies, lipid profiles in patients with chronic inflammatory diseases should be assessed during periods of low disease activity or remission, where possible. 62 
Judicious use of other anti-inflammatory drugs
Corticosteroids are potent anti-inflammatory agents with the potential to rapidly reduce systemic inflammation associated with chronic inflammatory diseases. They are commonly used as bridging therapy to control inflammation and improve disease-related symptoms while disease-modifying antirheumatic therapies are simultaneously escalated. However, corticosteroids are also known to have detrimental effects on several cardiovascular risk factors, including blood pressure, serum triglycerides and insulin resistance. 83 A 2014 meta-analysis reported that corticosteroid use was associated with an increase in the risk of CVD events among patients with rheumatoid arthritis by about 50% (RR 1.47, 95% CI 1.34-1.60). 81 Furthermore, two 2014 observational studies involving patients with rheumatoid arthritis showed dose-and duration-dependent increases in CVD risk with corticosteroid use, which persisted after controlling for rheumatoid arthritis disease activity. 75, 84 However, although prolonged corticosteroid exposure is clearly deleterious for cardiovascular health in patients with chronic inflammatory diseases, it is possible that patients with highly active disease may derive overall cardiovascular benefits from short courses of corticosteroids to control systemic inflammation. For the treatment of active chronic inflammatory diseases, the lowest effective dose of corticosteroids should be prescribed for the shortest possible duration, 12, 62 with concurrent escalation of disease-modifying antirheumatic therapies in collaboration with a rheumatologist.
Nonsteroidal anti-inflammatory drugs, including both cyclooxygenase-2 (COX-2) inhibitors and nonselective NSAIDs, are commonly used in patients with chronic inflammatory diseases for symptomatic relief, particularly among patients with ankylosing spondylitis in whom NSAIDs are indicated as first-line pharmacotherapy. 76 Although earlier data suggested significantly increased CVD risk with use of these medications, more recent evidence has shown that NSAIDs may be less deleterious for cardiovascular health in patients with chronic inflammatory diseases than previously reported. A 2014 meta-analysis found that NSAIDs may increase the CVD risk events overall in patients with rheumatoid arthritis (RR 1.18, 95% CI 1.01-1.38). 81 However, this result was driven primarily by studies that evaluated the COX-2 inhibitor rofecoxib, which has been withdrawn from the market. Furthermore, a large observational study in Denmark that involved patients with rheumatoid arthritis showed that exposure to NSAIDs was associated with a significantly smaller increase in CVD risk (HR 1.22, 95% CI 1.09-1.37) than that observed for NSAID exposure in the general population (HR 1.51, 95% CI 1.36-1.66). 82 When specific NSAIDs were evaluated, only rofecoxib (HR 1.57, 95% CI 1.16-2.12) and diclofenac (HR 1.35, 95% CI 1.11-1.64) were associated with any increase in CVD risk among patients with rheumatoid arthritis. 82 Of note, in a recent randomized controlled trial that involved patients with osteoarthritis and rheumatoid arthritis, moderate-dose celecoxib (100 mg twice a day) was not inferior to either naproxen (HR 0.93, 95% CI 0.76-1.13) or ibuprofen (HR 0.85, 95% CI 0.70-1.04) with respect to the risk of major CVD events. 97 However, current recommendations from the European League Against Rheumatism still suggest that all NSAIDs should be used cautiously in patients with chronic inflammatory diseases, particularly in the presence of hypertension, renal disease or multiple CVD risk factors. 62 The safety of NSAID use in patients with chronic inflammatory diseases who have established atherosclerotic disease, including coronary artery disease, peripheral arterial disease or cerebrovascular disease, remains unclear. If NSAIDs are prescribed to a patient with a chronic inflammatory disease, naproxen appears to have the most favourable profile for cardiovascular safety in this population and would be a reasonable first-line agent.
81,82
Conclusion
The increased CVD risk that is observed among patients with chronic inflammatory diseases is related to both increased prevalence of traditional CVD risk factors and accelerated atherosclerosis secondary to systemic inflammation. Because CVD and its risk factors are commonly overlooked in patients with chronic inflammatory diseases, increased awareness among health care providers is crucial to reduce the excess CVD burden in this population. Future research effort is required to optimize CVD risk assessment and management strategies for these patients (Box 3).
Box 3: Unanswered questions
• What is the optimal cardiovascular disease (CVD) risk assessment strategy for patients with chronic inflammatory diseases? Is there a role for using carotid ultrasonography to screen for asymptomatic atherosclerotic plaques?
• Are specific classes of disease-modifying antirheumatic drugs associated with greater reductions in CVD risk?
• Are nonsteroidal anti-inflammatory drugs (NSAIDs) safe to use in patients with chronic inflammatory diseases who have documented atherosclerotic disease?
• What is the impact on CVD risk of short courses of corticosteroids used to treat patients with highly active chronic inflammatory diseases?
• With respect to hypertension and dyslipidemia, should there be more intensive treatment goals or lower thresholds for starting treatment in patients with chronic inflammatory diseases?
